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Theoretical results
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General Experimental
1 H nuclear magnetic resonance (NMR) spectra were recorded using an internal deuterium lock at ambient temperature on the following instruments: Bruker AC400 (400 MHz). An internal reference of δ H 7.26 ppm was used for the residual protons in CDCl 3 , δ H 2.05 ppm in (CD 3 ) 2 CO and δ H 7.16 ppm in the case of C 6 D 6 . Data are presented as follows: chemical shift (in ppm), integration, multiplicity (s = singlet, d = doublet, t = triplet, q = quartet, m = multiplet, br means the signal is broad), coupling constant (J in Hz) and interpretation. 13 C NMR spectra were recorded on a Bruker AC300 (75 MHz) spectrometer with complete proton decoupling. Chemical shifts were reported in ppm from the internal solvent signal (peak at 77.16 ppm in the case of CDCl 3 ; peak at 29.84 and 206.26 ppm in the case of (CD 3 ) 2 CO; peak at 128.06 ppm in the case of C 6 D 6 ). NMR spectra were assigned using information ascertained from DEPT, HMQC, COSY, NOESY and NOE experiments. Infrared spectra were recorded on a Bruker VERTEX70 Fourier transform infrared spectrometer fitted with a single reflection diamond ATR Bruker A222 accessory. The measurements were done for pure samples. For each individual spectrum, about 30 scans were averaged at 4 cm -1
resolution. The diamond crystal without sample served as reference. All the system was purged with dry air. The identification of peaks was done with the standard method proposed in OPUS 6.0 software. Wavelengths of maximum absorbance (ν max ) are quoted in cm -1 . Highresolution mass spectra (HRMS) were performed on a QStar Elite (Applied Biosystems SCIEX) spectrometer equipped with atmospheric pression ionization source (API) pneumatically assisted. Samples were ionised by positive electrospray mode as follows: electrospray tension (ISV): 5500 V; opening tension (OR): 50 V; nebulisation gas pression (air): 20 psi. Low resolution mass spectra were recorded on ion trap Brucker Esquire 6000, equipped with an electrospray source (methanolic sodium chloride solution were performed under anhydrous conditions and an inert atmosphere of argon and, except where stated, using dried apparatus and employing standard techniques for handling airsensitive materials. Petroleum ether refers to the petroleum ether fraction boiling between 40°C and 65°C. All reagents were weighed and handled in air at room temperature. The reactions were magnetically stirred.
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13 C NMR (CDCl 3 , 100 MHz):  (ppm) -5.6 (2 x CH 3 , C 3 ), 18.1 (C, C 2 ), 25.6 (3 x CH 3 , C 1 ), 57.8 (CH 2 , C 4 ), 106.9 (CH, C 6 ), 109.8 (CH, C 7 ), 141.7 (CH, C 8 ), 154.0 (C, C 5 ). 2   6   170  160  150  140  130  120  110  100  90  80  70  60  50  40  30  20  10  0  -10   Chloroform-d   7   7   .   1   6   170  160  150  140  130  120  110  100  90  80  70  60  50  40  30  20  10 To a cooled (-78°C) solution of the previously prepared silylated ether (10 g, 47.2 mmol, 1 equiv) in anhydrous THF (80 mL) was added dropwise n-BuLi (22 mL of a 2.4 M solution in heptane, 52 mmol, 1.1 equiv). Stirring at -78°C was allowed for 1.5 hours and then at 0°C for 30 min. The reaction mixture was cooled back to -78°C and freshly distilled DMF (6.9 g, 94.2 mmol, 2 equiv) was added. Stirring at -78°C was allowed for 30 min and then for an additional 30 min at room temperature following which water (200 mL) was added to quench the reaction mixture. The aqueous phase was extracted with Et 2 O (3 x 200 mL) and the combined organic layers were washed with brine (3 x 200 mL), dried over anhydrous MgSO 4 , filtered and concentrated in vacuo to give the desired product as an orange oil (11.4 g, 47.3 mmol) which was used in the next step without further purification.
Aspect: orange liquid
Rf (PE/EE : 9/1) = 0.35 1 H NMR (CDCl 3 , 400 MHz):  (ppm) 0.11 (6H, 2 x CH 3 , s, H 3 ), 0.92 (9H, 3 x CH 3 , s, H 1 ), 4.73 (2H, CH 2 , s, H 4 ), 6.47 (1H, CH, d, J = 3.6 Hz, H 6 ), 7.20 (1H, CH, d, J = 3.6 Hz, H 7 ), 9.59 (1H, CH, s, H 10 ).
13 C NMR (CDCl 3 , 100 MHz):  (ppm) -5.3 (2 x CH 3 , C 3 ), 18.5 (C, C 2 ), 25.9 (3 x CH 3 , C 1 ), 58.7 (CH 2 , C 4 ), 109.5 (CH, C 6 ), 122.4 (CH, C 7 ), 152.3 (C, C 5 ), 161.6 (C, C 8 ), 177.7 (C, C 9 ). A three-neck round bottom flask equipped with a reflux condenser was charged with a solution of the previously prepared aldehyde (5 g, 20.8 mmol, 1 equiv) in methanol (220 mL).
The reaction mixture was cooled to 0°C and NaBH 4 (1.3 g, 33 mmol, 1.6 equiv, powder) was added portionwise. Stirring was allowed at this temperature for 10 min and for an additional 10 min at room temperature. Then the solvent was removed in vacuo and water (50 mL) followed by ethylacetate (50 mL) were added. The aqueous layer was adjusted to pH 9 by adding an aqueous NaOH solution (1N). Then the aqueous phase was extracted with ethylacetate (3 x 200 mL) and the combined organic layers were washed with brine (3 x 200 mL), dried over MgSO 4 , filtered and concentrated in vacuo to give a yellow oil (5.4 g, 0.022 mol) which was used without further purification in the next step. 13 C NMR (CDCl 3 , 100 MHz):  (ppm) -5.10 (2 x CH 3 , C 3 ), 18.6 (C, C 2 ), 26.0 (3 x CH 3 , C 1 ), 57.7 (CH 2 , C 4 ), 58.4 (CH 2 , C 9 ), 108.1 (CH, C 6 or C 7 ), 108.6 (CH, C 6 or C 7 ), 153.7 (C, C 5 or C 8 ), 154.5 (C, C 5 or C 8 ). To a vigourously stirred cooled (0°C) solution of the previously prepared alcohol (10.3 g, 43 mmol, 1 equiv) in toluene (44 mL) were added water (17 mL), tetrabutylammonium hydrogen-sulfate (0.73 g, 2.1 mmol, 0.05 equiv) and sodium hydroxide portionwise (6.8 g, 17.0 mol, 4 equiv, pearl). Stirring was allowed for 15 min at 0°C and for an additional hour at room temperature. Then the mixture was cooled to 0°C and a solution of propargyl bromide in toluene (80% w/w, 0.064 mol, 1.5 equiv, 5.7 mL) was added dropwise. Stirring at 0°C was allowed for 30 min and then at room temperature until completion of the reaction by TLC.
Aspect: yellow oil
Rf
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The solution was diluted with Et 2 O (100 mL) followed by the addition of water (30 mL).
Then the aqueous phase was extracted with Et 2 O (3 x 100 mL) and the combined organic layers were washed with a saturated aqueous solution of NH 4 Cl (2 x 100 mL) followed by brine (2 x 100 mL), dried over anhydrous MgSO 4 , filtered and concentrated in vacuo. The resulting oil was purified by flash chromatography on silica gel (PE/AcOEt : 95/5). Fractions that contained the pure product were gathered and concentrated in vacuo to give 8 as a pale yellow oil (7.81 g, 27.8 mmol, 59 % over 3 steps).
Aspect: yellow oil
Rf (PE/AcOEt : 95/5) = 0.3 
HRMS (ES)
m
Preparation of -alkylidenebutenolides 9, 9b
General procedure A dry Schlenk tube equipped with a Teflon-coated magnetic stirrer was charged with K 2 CO 3 (3 equiv) and (Z)-3-iodobut-2-enoic acid (2 equiv). The vessel was evacuated and backfilled with argon. Anhydrous DMF (c = 1.9 M) was added and the suspension was stirred for 15 min. Then the reaction mixture was degassed at 0°C for 5 min under vacuum and backfilled with argon. After reaching room temperature, the previously prepared alkyne (1 equiv) and CuI (1 equiv) were successively added. The Schlenk tube was sealed and then placed in a preheated oil bath at 55°C for 4 hours, following which, the Schlenk tube was placed in an ice bath and a saturated aqueous solution of NH 4 Cl was added. Stirring at 0°C was allowed for 10 min and the reaction mixture was diluted in diethyl ether and filtered through a short pad of celite. The filtrate was washed with brine and the combined organic layers were dried over anhydrous MgSO 4 , filtered and concentrated in vacuo. 13 C NMR (CDCl 3 , 100 MHz):  (ppm) -5.3 (2 x CH 3 , C 3 ), 11.7 (CH 3 , C 13 ), 18.4 (C, C 2 ), 25.9
(Z)-5-(2-((5-((t-butyldimethylsiloxy)methyl)furan-2-yl)methoxy)ethylidene)-4-methyl furan-2(5H)-one (9)
(3 x CH 3 , C 1 ), 58.3 (CH 2 , C 4 or C 9 ), 64.0 (CH 2 , C 10 ), 64.7 (CH 2 , C 4 or C 9 ), 107.9 (2 x CH, C 11 and C 6 or C 7 ), 110.6 (CH, C 6 or C 7 ), 117. The expected -alkylidenebutenolide 9b was used in the next step without further purification.
Aspect: dark brown oil
Rf (PE/AcOEt : 9/1) = 0.33 13 C NMR (CDCl 3 , 100 MHz):  (ppm) -5.3 (2 x CH 3 , C 3 ), 11.6 (CH 3 , C 13 ), 18.4 (C, C 2 ), 25.9
(3 x CH 3 , C 1 ), 58.3 (CH 2 , C 4 or C 9 ), 63.6 (CH 2 , C 10 ), 64.8 (CH 2 , C 4 or C 9 ), 107.9 (CH, C 6 or C 7 ), 109.2 (CH, C 11 ), 110.7 (CH, C 6 or C 7 ), 111.7 (C, 
Preparation of alcohols 6 and 6b
General procedure To a cooled (0°C) solution of the -alkylidenebutenolide 9 (or 9b) (1 equiv) in anhydrous THF (c = 0.27 M) was added a solution of HF•pyridine (HF 70 %• pyridine 30 %) (2 equiv).
Stirring at room temperature was allowed until completion of the reaction by TLC at which time a saturated aqueous solution of NaHCO 3 was carefully added to quench the reaction. The aqueous phase was extracted with Et 2 O and the combined organic layers were dried over anhydrous MgSO 4 , filtered and concentrated in vacuo. The resulting oil was purified by flash chromatography on silica gel (PE/AcOEt : 1/1). 13 C NMR (CDCl 3, 100 MHz):  (ppm) 11.9 (CH 3 , C 10 ), 57.7 (CH 2 , C 1 or C 6 ), 64.1 (CH 2 , C 7 ), 64.7 (CH 2 , C 1 or C 6 ), 107.8 (CH, C 8 ), 108.7 (CH, C 3 or C 4 ), 110.8 (CH, C 3 or C 4 ), 117.6 (CH, C 12 ), 151.3 (C, C 2 or C 5 ), 151.7 (C, C 11 ), 154.8 (2C, C 9 and C 2 or C 5 ), 168.9 (C, C 13 ) Fractions that contained the desired product were gathered and concentrated under reduced pressure to give the alcohol 6b in 72 % yield (over 2 steps) as an orange oil.
(Z)-5-(2-((5-(hydroxymethyl)furan-2-yl)methoxy)ethylidene)-4-methylfuran-2(5H)-one (6)
Rf (PE/AcOEt : 1/1) = 0.37 13 C NMR (CDCl 3 , 100 MHz):  (ppm) 11.8 (CH 3 , C 10 ), 57.7 (CH 2 , C 1 or C 6 ), 63.7 (CH 2 , C 7 ), 64.8 (CH 2 , C 1 or C 6 ), 108.7 (CH, C 3 or C 4 ), 109.0 (CH, C 8 ), 110.9 (CH, C 3 or C 4 ), 111.9 (C, C 12 ), 150.0 (C, C 9 ), 151.0 (C, C 2 or C 5 or C 11 ), 151.2 (C, C 2 or C 5 or C 11 ), 154.9 (C, C 2 or C 5 or C 11 ), 146.5 (C, C 13 ). 
Preparation of -pyrones 10 and 10b
General procedure for the Achmatowicz reaction
To a cooled (-78°C) solution of alcohol 6 or (6b) (1 equiv) in anhydrous CH 2 Cl 2 (c = 0.13 M)
was added m-CPBA (1.1 equiv). The reaction mixture was allowed to warm to room temperature over a period of an hour and was stirred until completion of the reaction by TLC.
Then the reaction mixture was diluted with dichloromethane and the organic layer was washed with a saturated aqueous solution of Na 2 CO 3 , followed by an aqueous solution of Na 2 S 2 O 3 (10 %). The combined organic layers were washed with brine, dried over anhydrous Na 2 SO 4 , filtered and concentrated in vacuo to give the expected -pyrone which was used in the next step without further purification. C 3 ), 151.6 (C, C 9 or C 11 ), 153.9 (C, C 9 or C 11 ), 167.7 (C, C 13 ), 168.9 (C, C 14 ),
192.6 (C, C 1 ). 68.9 (CH 2 , C 7 ), 72.1 (CH, C 3 ), 74.6 (CH 2 , C 6 ), 84.9 (C, C 11 or C 12 or C 13 ), 89.5 (CH, C 9 ), 92.7 (C, C 11 or C 12 or C 13 ), 100.6 (C, C 11 or C 12 or C 13 ), 129.7 (CH, C 4 ), 153.9 (CH, C 5 ), 173.8 (C, C 10 ). 6   220  210  200  190  180  170  160  150  140  130  120  110  100  90  80  70  60  50  40  30  20  10  0   Benzene   128.06   220  210  200  190  180  170  160  150  140  130  120  110  100  90  80  70  60  50  40  30  20 140  135  130  125  120  115  110  105  100  95  90  85  80  75  70  65  60  55  50  45  40  35  30  25  20  15 
S25 (Z)-2-((2-(4-bromo-3-methyl-5-oxofuran-2(5H)-ylidene)ethoxy)methyl)-5-oxo-5,6-dihydro-2H-pyran-2-yl acetate (5b)
